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DESCRIPTION 

RADIO COMMUNICATION APPARATUS AND ANTENNA CONTROL METHOD 

Technical Field 
5 The present invention relates to a radio 

communication apparatus and antenna control method, and 
more particularly, to a radio communication apparatus 
provided with a plurality of antennas and a method for 
controlling the plurality of antennas. 

10 

Background Art 

In a one-to-N communication system where a base 
station transmits respective different information to 
a plurality of (N) mobile stations such as a radio 

15 communication service system, the base station is 
provided with a plurality of antennas, and concurrently 
transmits different information to a plurality of mobile 
stations with respective antennas. 

In this case, a conventional base station apparatus 

20 transmits only one kind of information using one antenna. 
FIG.l is a diagram illustrating a situation where data 
is transmitted from a plurality of antennas provided in 
the conventional base station apparatus. 

As illustrated in FIG. 1 , the base station apparatus 

25 is provided with a plurality of antennas (herein, the 
number of antennas is assumed to be "4"). The base 
station apparatus concurrently transmits transmission 



data A at a carrier frequency fA from an antenna A, 
transmission data B at a carrier frequency fB from an 
antenna B, transmission data C at a carrier frequency 
fC from an antenna C, and transmission data D at a carrier 
5 frequency fD from an antenna D. 

However, there is a problem that the conventional 
base station apparatus does not provide the effect of 
the diversity in the case where the number of antennas 
of a mobile station on a receiving side is " 1 " . That 

10 is, if the number of antennas of a mobile station 

is a plural number, the diversity effect can be obtained 
by the space diversity. However, the number of antennas 
of a mobile station is generally "1" , and in this case, 
the diversity effect cannot be obtained. In particular, 

15 when the fading rate is low, an interval where a received 
level falls down lasts a long time, and therefore the 
diversity effect cannot be obtained. 

Disclosure of Invention 

20 It is an object of the present invention to provide 

a radio communication apparatus and antenna control 
method which are used in a one-to-N communication system 
where a transmitting-side apparatus provided with a 
plurality of antennas transmits respective different 

25 information to a plurality of (N) receiving-side 
apparatuses using the antennas, and which enable the 
excellent diversity effect even in the case where the 



number of antennas of the receiving-side apparatus is 
" 1 " . 

To achieve the above object, in the present 
invention, a plurality of kinds of transmission data are 
switched timewise sequentially between a plurality of 
antennas provided in the radio communication apparatus 
to be transmitted. 

Brief Description of Drawings 

FIG.l is a diagram illustrating a situation where 
data is transmitted from a plurality of antennas provided 
in the conventional base station apparatus; 

FIG. 2 is a general block diagram illustrating a 
schematic configuration of a radio communication 
apparatus according to a first embodiment of the present 
invention ; 

FIG. 3 is a diagram illustrating an example of 
switching patterns preset in a switching pattern storage 
section in the radio communication apparatus according 
to the first embodiment of the present invention; 

FIG. 4 is a diagram illustrating a situation where 
data is transmitted from each antenna of the radio 
communication apparatus according to the first 
embodiment of the present invention; 

FIG. 5 is a diagram illustrating a situation where 
data is transmitted from each antenna of a radio 
communication apparatus according to a second embodiment 



of the present invention; 

FIG. 6 is a diagram illustrating an example of 
switching patterns preset in a switching pattern storage 
section in a radio communication apparatus according to 
5 a third embodiment of the present invention; 

FIG. 7 is a diagram illustrating a situation where 
data is transmitted from each antenna of the radio 
communication apparatus according to the third 
embodiment of the present invention; 
10 FIG. 8 is a general block diagram illustrating a 

schematic configuration of a radio communication 
apparatus according to a fourth embodiment of the present 
invention ; 

FIG. 9 is a diagram illustrating an example of 
15 switching patterns preset in a switching pattern storage 
section in the radio communication apparatus according 
to the fourth embodiment of the present invention; 

FIG. 10 is a diagram illustrating timings at which 
each synthesizer switches carrier frequencies in the 
20 radio communication apparatus according to the fourth 
embodiment of the present invention; 

FIG. 11 is a diagram illustrating a situation where 
data is transmitted from each antenna of the radio 
communication apparatus according to the fourth 
25 embodiment of the present invention; 

FIG. 12 is a general block diagram illustrating a 
schematic configuration of a radio communication 



5 

apparatus according to a fifth embodiment of the present 
invention ; 

FIG. 13 is a diagram illustrating timings at which 
each synthesizer switches carrier frequencies in the 
5 radio communication apparatus according to the fifth 
embodiment of the present invention; and 

FIG. 14 is a diagram illustrating a situation where 
data is transmitted from each antenna of the radio 
communication apparatus according to the fifth 
10 embodiment of the present invention. 

Best Mode for Carrying Out the invention 

Embodiments of the present invention will be 

explained below with reference to accompanying drawings . 
15 (First embodiment) 

A radio communication apparatus and antenna 

control method according to this embodiment perform 

frequency conversion on a plurality of kinds of data with 

respective specific carrier frequencies, and timewise 
20 switch data sequentially between a plurality of antennas 

provided in the radio communication apparatus to 

transmit . 

The radio communication apparatus and antenna 
control method according to the first embodiment of the 
25 present invention will be described below with reference 
to FIGs. 2 to 4. FIG. 2 is a general block diagram 
illustrating a schematic configuration of the radio 



communication apparatus according to the first 
embodiment of the present invention. 

In the radio communication apparatus illustrated 
in FIG. 2, coding section 101 codes four kinds of 
transmission data A to D. Modulating section 102 
performs predetermined modulation processing on the 
coded transmission data A to D. Radio section 103 
multiplies the modulated transmission data A to D 
respectively by a carrier with a frequency of fA, fB, 
fC or fD, thereby performs the frequency conversion, and 
outputs the resultant signals to switch 104 • Switch 104 
switches between frequency conversion sections fA to fD 
in radio section 103 and between antennas A to D to 
connect . 

The radio communication apparatus according to 
this embodiment is comprised of four frequency 
conversion sections fA to fD and four antennas A to D, 
so that the radio communication apparatus according to 
this embodiment transmits transmission data A to D 
respectively to four communication stations A to D ( i.e . , 
transmission data A to communication station A and the 
like). That is, in this embodiment, the radio 
communication apparatus is assumed to be used in a 
one-to-four communication system where one radio 
communication apparatus transmits respective different 
transmission data to four communication stations using 
four antennas . 
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Timing control section 105 outputs a timing control 
signal to switching control section 107 at time intervals 
for which timer 106 is preset. Switching control 
section 107 controls the switching of switch 104 
5 according to switching patterns which are preset in 
switching pattern storage section 108 and which are each 
indicative of a connection relationship between antennas 
A to D and each of frequency conversion sections fA to 
fD. 

10 The operation of the radio communication apparatus 

with the above configuration will be explained next. 
FIG. 3 is a diagram illustrating an example of the 
switching patterns preset in the switching pattern 
storage section in the radio communication apparatus 

15 according to the first embodiment of the present 
invention. FIG. 4 is a diagram illustrating a situation 
where data is transmitted from each antenna of the radio 
communication apparatus according to the first 
embodiment of the present invention. 

20 The transmission data A to D subjected to the 

predetermined modulation processing in modulating 
section 102 are output to radio section 103. Then, the 
transmission data A to D are multiplied by the carrier 
of frequency fA, fB, fC or fD in frequency conversion 

25 sections f A to fD, respectively, thereby being subjected 
to the frequency conversion, and the signal with each 
of the frequencies fA to fD is output to switch 104. 
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Timer 106 is set for predetermined times, and 
according to the constant time intervals, timing control 
section 105 outputs the timing control signal to 
switching control section 107* Specifically, time 106 
5 is preset for times T illustrated in FIG. 4. In other 
words, timing control section 105 outputs the timing 
control signal at times Tl, T2, T3 , T4,*~. 

According to the timing control signal, switching 
control section 107 refers to switching pattern storage 

10 section 108, and controls the switching of switch 104. 
Specifically, the switching patterns as illustrated in 
FIG. 3 are preset in switching pattern storage section 
108. Whenever the timing control signal is output, 
switching control section 107 refers to one of patterns 

15 1 to 4 sequentially. That is, at time Tl , switching 
control section 107 refers to the pattern 1 and according 
to this pattern, switches switch 104. Similarly, 
switching control section 107 refers to the pattern 2, 
pattern 3, and pattern 4 respectively at time T2 , time 

20 T3 and time T4, and according to each pattern, switches 
switch 104. Further, at time T5, switching control 
section 107 refers to the pattern 1 again, and continues 
the similar processing as described above thereafter. 
According to such a switching operation of switch 

25 104, transmission data A to D respectively with the 
carrier frequencies fA to fD are switched to be 
sequentially transmitted from one of antennas A to D. 



Specifically, as illustrated in FIG . 4 , at time Tl, the 
transmission data A with the carrier frequency fA, the 
transmission data B with the carrier frequency fB, the 
transmission data C with the carrier frequency fC, and 
5 the transmission data D with the carrier frequency fD 
are transmitted at the same time respectively from 
antennas A, B, C and D. 

Next, at time T2 , the transmission data D with the 
carrier frequency fD, the transmission data A with the 
10 carrier frequency fA, the transmission data B with the 
carrier frequency fB, and the transmission data C with 
the carrier frequency fC are transmitted at the same time 
respectively from antennas A, B, C and D. 

Thereafter in the similar way, as illustrated in 
15 'FIG.4, at each time Tn, transmission data A to D with 
the respective carrier frequencies fA to fD are switched 
sequentially between antennas A to D to be transmitted 
therefrom* 

Thus, according to the radio communication 
20 apparatus and antenna control method according to this 
embodiment, a plurality of kinds of transmission data 
are subjected to the frequency conversion with the 
respective specific carrier frequencies, and are 
switched timewise sequentially to be transmitted between 
25 a plurality of antennas provided in the radio 
communication apparatus, whereby on a receiving side, 
if a received level of data falls down which is 



transmitted from some antenna, it is possible to receive 
the same kind of data transmitted from another antenna 
at the following time. Accordingly, the rate that the 
received level falls down is decreased, and therefore 
5 the receiving side is able to obtain the excellent 
diversity effect even in the case where the number of 
antennas on the receiving side is "1". Further, even 
when the fading rate is low, since it is possible to 
receive at the following time the same kind of data 
10 transmitted from another antenna, it is possible to 
obtain the diversity effect. 

( Second embodiment ) 

A radio communication apparatus and antenna 
15 control method according to this embodiment are 
different from those of the first embodiment in a point 
that a switching pattern repeating period is made equal 
to a time interleaving length of FEC (Forward Error 
Correction ) . 

20 The radio communication apparatus and antenna 

control method according to the second embodiment of the 
present invention will be explained below with reference 
to FIG. 5. FIG. 5 is a diagram illustrating a situation 
where data is transmitted from each antenna of the radio 

25 communication apparatus according to the second 
embodiment of the present invention. 

The "time interleaving length of FEC " is herein 
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indicative of a period of time at which data subjected 
to convolutional coding is divided to be transmitted. 

In switching pattern storage section 108, 
switching patterns are set such that the number of 
5 divided items of data subjected to convolutional coding 
is equal to the number of switching patterns. 
Specifically, for example, assuming the number of 
divided items is "4", as illustrated in FIG. 3, four 
patterns, i.e., patterns 1 to 4 , are set as switching 

10 patterns. 

Further, timer 106 is preset for a time T so that 
the switching pattern repeating period is equal to the 
time interleaving length TI of FEC . In other words , when 
there are four kinds of transmission data A to D, the 

15 time T is set at one-fourth the time interleaving length. 

Accordingly, as illustrated in FIG. 5, the 
switching pattern at time Tl is the same as the switching 
pattern at time T5 when the time interleaving length TI 
has elapsed after time Tl . Thereafter, using the time 

20 interleaving length TI as the switching pattern 
repeating period, the switching of switch 104 is 
controlled . 

Thus, according to the radio communication 
apparatus and antenna control method according to this 
25 embodiment, a plurality of kinds of transmission data 
are subjected to the frequency conversion with the 
respective specific carrier frequencies, and are 



switched timewise sequentially to be transmitted between 
a plurality of antennas provided in the radio 
communication apparatus, and the switching pattern 
repeating period is made equal to the time interleaving 
length of FEC, whereby the error randomizing due to the 
effect of transmitting data using a plurality of antennas 
is added to the error randomizing due to the interleaving 
effect. As a result, it is possible to obtain the 
excellent diversity effect even when the number of 
receiving-side antennas is "1" , and to improve the error 
correcting capability as compared to the first 
embodiment . 

( Third embodiment ) 

A radio communication apparatus and antenna 
control method according to this embodiment are 
different from those of the first embodiment in a point 
that switching patterns are set so as to switch 
transmission data between antennas having low antenna 
correlation with each other. 

The radio communication apparatus and antenna 
control method according to the third embodiment of the 
present invention will be explained below with reference 
to FIGs.6 and 7. FIG. 6 is a diagram illustrating an 
example of switching patterns preset in a switching 
pattern storage section in the radio communication 
apparatus according to the third embodiment of the 



present invention. FIG. 7 is a diagram illustrating a 
situation where data is transmitted from each antenna 
of the radio communication apparatus according to the 
third embodiment of the present invention. 

The "antenna correlation" is herein indicative of 
cross-correlation between antennas. In the first 
embodiment, the switching is performed without 
considering the degree of the antenna correlation, and 
therefore it may happen that even when the transmission 
data is transmitted while switching the antennas, the 
fading similar to that before the switching occurs. 

When the antenna correlation is low, the data items 
transmitted from different antennas are considered on 
the receiving side to be transmitted through different 
propagation paths. Accordingly, if a received level 
falls down of data transmitted from some antenna, it is 
considered that another received level does not fall down 
of the same kind of data transmitted from another antenna 
having the low antenna correlation. 

Hence, in this embodiment, switching pattern 
storage section 108 is set for switching patterns such 
that transmission data is switched between antennas 
having the low antenna correlation with each other. 

Specifically, in FIG. 7, for example, assuming that 
antennas A and D have the low antenna correlation, and 
that antennas B and C have the low antenna correlation, 
the switching patterns become as illustrated in FIG. 6. 
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In other words, the switching patterns are set so that 
transmission data A and D are switched between the 
antennas A and D having the low antenna correlation, and 
that transmission data B and C are switched between the 
5 antennas B and C having the low antenna correlation. 

Accordingly, as illustrated in FIG. 7, switching 
control section 107 controls at time Tl the switching 
of switch 104 according to the pattern 1 illustrated in 
FIG. 6, and at time T2 , controls the switching of switch 

10 104 according to the pattern 2 illustrated in FIG. 6. 
Then, at time T3 , switching control section 107 controls 
the switching of switch 104 again according to the 
pattern 1 illustrated in FIG. 6. The similar operation 
is repeated thereafter. 

15 As a result of thus performing the switching 

control, as illustrated in FIG. 7, at time Tl, 
transmission data A with the carrier frequency fA, 
transmission data B with the carrier frequency fB, 
transmission data C with the carrier frequency fC, and 

20 transmission data D with the carrier frequency fD are 
transmitted at the same time respectively from antennas 
A, B, C and D. 

Next, at time T2 , transmission data D with the 
carrier frequency fD, transmission data C with the 

25 carrier frequency fC, transmission data B with the 
carrier frequency fB, and transmission data A with the 
carrier frequency fA are transmitted at the same time 



15 

respectively from antennas A, B, C and D. 

Thereafter in the similar way, as illustrated in 
FIG. 7, at each time Tn, the data is switched between the 
antennas having the low antenna correlation with each 
5 other, in other words, transmission data A and D are 
switched between the antennas A and D having the low 
antenna correlation, while transmission B and C are 
switched between the antennas B and C having the low 
antenna correlation. 

10 Thus, according to the radio communication 

apparatus and antenna control method according to this 
embodiment, a plurality of kinds of transmission data 
are subjected to the frequency conversion with the 
respective specific carrier frequencies, and are 

15 switched timewise sequentially to be transmitted between 
a plurality of antennas provided in the radio 
communication apparatus, and the switching patterns are 
set so that transmission data is switched between 
antennas having the low antenna correlation with each 

20 other. Therefore, as compared to the first embodiment, 
it is possible to increase the reliability for obtaining 
the diversity effect and to improve the error correcting 
capability . 

25 (Fourth embodiment) 

A radio communication apparatus and antenna 
control method according to this embodiment are 



different from those of the first embodiment in a point 
that a plurality of kinds of transmission data in digital 
baseband state is assigned to each antenna sequentially 
before being converted to a signal with the carrier 
5 frequency of a high frequency. 

The radio communication apparatus and antenna 
control method according to the fourth embodiment of the 
present invention will be explained below with reference 
to FIGs.8 to 11. FIG . 8 is a general block diagram 
10 illustrating a schematic configuration of the radio 
communication apparatus according to the fourth 
embodiment of the present invention. In addition, the 
same sections as those in the first embodiment are 
assigned the same reference numerals and the detailed 
15 explanation is omitted. 

In the radio communication apparatus illustrated 
in FIG. 8, switch 701 switches between synthesizers SI 
to S4 in radio section 702 to connect to modulating 
section 102. 

20 Switching control section 703 controls the 

switching of switch 701 according to switching patterns 
which are preset in switching pattern storage section 
704 and which are each indicative of a connection 
relationship between transmission data A to D and each 

25 of synthesizers SI to S4. 

The radio communication apparatus according to 
this embodiment is comprised of four synthesizers SI to 



S4 and four antennas A to D, so that the radio 
communication apparatus according to this embodiment 
transmits transmission data A to D respectively to four 
communication stations A to D (i.e., transmission data 
5 A to communication station A and the like). That is, 
in this embodiment, the radio communication apparatus 
is assumed to be used in a one-to-four communication 
system where one radio communication apparatus transmits 
respective different transmission data to four 

10 communication stations using four antennas. 

The operation of the radio communication apparatus 
with the above configuration will be explained next* 
FIG. 9 is a diagram illustrating an example of the 
switching patterns preset in the switching pattern 

15 storage section in the radio communication apparatus 
according to the fourth embodiment of the present 
invention. FIG. 10 is a diagram illustrating timings at 
which each synthesizer switches carrier frequencies in 
the radio communication apparatus according to the 

20 fourth embodiment of the present invention. FIG. 11 is 
a diagram illustrating a situation where data is 
transmitted from each antenna of the radio communication 
apparatus according to the fourth embodiment of the 
present invention . 

25 The transmission data A to D subjected to the 

predetermined modulation processing in modulating 
section 102 are output in the baseband state to switch 
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701. Accordingly, each of the transmission data A to 
D is assigned to a respective antenna A, B, C or D in 
the baseband state before being subjected to the 
frequency conversion . 
5 According to the timing control signal output from 

timing control section 105, switching control section 
703 refers to switching pattern storage section 704, and 
controls the switching of switch 701, Specifically, 
switching pattern storage section 704 are preset for the 

10 switching pattern as illustrated in FIG. 9 . Whenever the 
timing control signal is output, switching control 
section 703 refers to one of patterns 1 to 4 sequentially. 
That is, at time Tl, switching control section 703 refers 
to the pattern 1 and according to this pattern, switches 

15 switch 701. Similarly, switching control section 703 
refers to the pattern 2, pattern 3, and pattern 4 
respectively at time T2, time T3 and time T4, and 
according to each pattern, switches switch 701 . Further, 
at time T5 , switching control section 703 refers to the 

20 pattern 1 again, and continues the similar processing 
as described above thereafter. 

According to such an operation, at time Tl, the 
transmission data A, transmission data B, transmission 
data C and transmission data D are input at the same time 

25 respectively to synthesizers SI , S2 , S3 and S4 . Further, 
at time T2, the transmission data D, transmission data 
A, transmission data B, and the transmission data C are 



input at the same time respectively to synthesizers SI, 
S2, S3 and S4. Thereafter in the similar way, 
transmission data to be input to each synthesizer is 
switched sequentially . 
5 Further, according to the timing control signal 

output from timing control section 105, switching 
control section 703 controls the switching of carrier 
frequencies of synthesizers SI to S4. Specifically, 
according to timings as illustrated in FIG. 10, the 

10 switching of the carrier frequencies is controlled. 

That is, at time Tl, synthesizers SI, S2, S3 and 
S4 perform frequency conversion on input transmission 
data respectively with the carrier frequency f A, carrier 
frequency fB, carrier frequency f C , and the carrier 

15 frequency f D . At time T2 , synthesizers SI, S2, S3 and 
S4 perform frequency conversion on input transmission 
data respectively with the carrier frequency f D, carrier 
frequency fA, carrier frequency f B , and the carrier 
frequency f C . At time T3 and thereafter, the similar 

20 processing is repeated. 

By such an operation, as in the first embodiment, 
transmission data A to D with the respective carrier 
frequencies fA to fD are switched sequentially between 
antennas A to D to be transmitted therefrom. 

25 Specifically, as illustrated in FIG. 11, as in the first 
embodiment, at each time Tn, transmission data A to D 
with the respective carrier frequencies fA to fD are 
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switched sequentially between antennas A to D to be 
transmitted therefrom. 

Thus, according to the radio communication 
apparatus and antenna control method according to this 
embodiment, a plurality of kinds of transmission data 
in digital baseband state is assigned to each antenna 
sequentially before being converted to a signal with the 
carrier frequency of a high frequency. Therefore, as 
compared to the case that the transmission data is 
converted to a signal with the carrier frequency and that 
the resultant signal is assigned to each antenna, it is 
possible to decrease losses of, for example, power of 
transmission data occurring due to the switching 
operation . 

(Fifth embodiment ) 

A radio communication apparatus and antenna 
control method according to this embodiment are 
different from those of the fourth embodiment in a point 
that a plurality of synthesizers is provided for an 
antenna so as to switch a carrier frequency of a 
synthesizer while another synthesizer performs the 
frequency conversion . 

In the radio communication apparatus according to 
the above-mentioned fourth embodiment, each of antennas 
A to D is assigned one of synthesizers Si to S4, and one 
synthesizer corresponding to each antenna switches 



between carrier frequencies fA to fD sequentially. 

However, the synthesizer is an analog device, and 
it takes a time to some extent for the synthesizer to 
switch the carrier frequency* In other words, when the 
5 synthesizer switches the carrier frequency from fA to 
fB, it takes a time to some extent until the carrier 
frequency converges to the carrier frequency fB that is 
a goal frequency after being switched. Unless the 
carrier frequency is stable, it is not possible for a 

10 radio communication apparatus to perform stable data 
transmission. 

Then, in this embodiment, a plurality of 
synthesizers are provided for each antenna, so that a 
synthesizer switches the carrier frequency while another 

15 synthesizer performs the frequency conversion on the 
transmission data. It is thereby possible for the 
synthesizer that is not performing the frequency 
conversion on the transmission data currently to switch 
the carrier frequency with a sufficient time given. 

20 Accordingly, such a synthesizer is able to perform the 
frequency conversion with the stable carrier frequency 
in performing the frequency conversion on the 
transmission data next time. 

The radio communication apparatus and antenna 

25 control method according to the fifth embodiment of the 
present invention will be explained below with reference 
to FIGs.12 to 14. FIG. 12 is a general block diagram 



illustrating a schematic configuration of the radio 
communication apparatus according to the fifth 
embodiment of the present invention. In addition, the 
same sections as those in the fourth embodiment are 
5 assigned the same reference numerals and the detailed 
explanation is omitted. 

In the radio communication apparatus illustrated 
in FIG. 12, radio section 1101 is provided with Sll and 
S12 for the antenna A, with S21 and S22 for the antenna 

10 B, with S31 and S32 for the antenna C, and with S41 and 
S42 for the antenna D. In other words, a plurality of 
synthesizers is provided for a single antenna. In 
addition, this embodiment provides two synthesizers for 
a single antenna, however, the number of synthesizers 

15 is not limited to two, and it is only necessary that the 
number of synthesizers to be provided for a single 
antenna is plural. 

The operation of the radio communication apparatus 
with the above configuration will be explained next. 

20 FIG. 13 is a diagram illustrating timings at which each 
synthesizer switches carrier frequencies in the radio 
communication apparatus according to the fifth 
embodiment of the present invention. FIG. 14 is a 
diagram illustrating a situation where data is 

25 transmitted from each antenna of the radio communication 
apparatus according to the fifth embodiment of the 
present invention . 
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According to the timing control signal output from 
timing control section 105, switching control section 
703 controls the switching of carrier frequencies for 
Sll to S42. Specifically, at timings as illustrated in 
5 FIG* 13 , the section 7 03 controls the switching of carrier 
frequencies. In addition, the frequency switching 
operation on synthesizers Sll and S12 for the antenna 
A is the same as frequency switching operation on 
synthesizers S21 to S42 for the antenna B to D, and 

10 therefore, the frequency switching operation on 
synthesizers Sll and S12 for the antenna A will be only 
explained below* 

At time Tl , synthesizer Sll performs the frequency 
conversion on transmission data A with the carrier 

15 frequency fA* While synthesizer Sll is performing the 
frequency conversion on the transmission data A, 
synthesizer S12 switches the carrier frequency to f D . 

Next at time T2 , synthesizer S12 performs the 
frequency conversion on transmission data D with the 

20 carrier frequency fD. Synthesizer S12 was able to 
switch the carrier frequency to fD at time Tl in a 
sufficient time, whereby at time T2, the carrier 
frequency of synthesizer S12 has already converged to 
fD and is stable. While synthesizer S12 is performing 

25 the frequency conversion, synthesizer Sll switches the 
carrier frequency from fA to f C * At time T3 and 
thereafter, the similar operation is repeated. 



By such an operation, as in the first and fourth 
embodiments , transmission data A to D with the respective 
carrier frequencies fA to fD are switched sequentially 
between antennas A to D to be transmitted therefrom. 
Specifically, as illustrated in FIG. 14 , as in the first 
and fourth embodiments, at each time Tn, transmission 
data A to D with the respective carrier frequencies fA 
to fD are switched sequentially between antennas A to 
D to be transmitted therefrom. 

Thus, according to the radio communication 
apparatus and antenna control method according to this 
embodiment, a plurality of synthesizers is provided for 
a single antenna, and a synthesizer switches the carrier 
frequency while another synthesizer performs the 
frequency conversion on the transmission data, whereby 
it is possible for the synthesizer that is not performing 
the frequency conversion on the transmission data 
currently to switch the carrier frequency with a 
sufficient time given. Accordingly, such a synthesizer 
is able to perform the frequency conversion with the 
stable carrier frequency in performing the frequency 
conversion on the transmission data next time. 
Accordingly, the radio communication apparatus is able 
to perform stable data transmission. 

In addition in the above-mentioned first to fifth 
embodiments, to simplify the explanation, it is assumed 
that the number of kinds of transmission data and the 



number of antennas are 4, however, the number of kinds 
of transmission data and the number of antennas are not 
limited to 4. 

Further, in the above-mentioned first to fifth 
embodiments, to simplify the explanation, the number of 
antennas (antennas A to D, i.e., "4") is made equal to 
the number of kinds of transmission data (transmission 
data A to D, i.e., "4"), however, it is not necessary 
that the number of antennas is equal to the number of 
kinds of transmission data. It addition, it is required 
that the number of antennas is one of the multiples or 
divisors of the number of kinds of transmission data. 

In the case where the number of antennas is one of 
the multiples of the number of kinds of transmission data, 
a kind of transmission data (for example, transmission 
data A) may be transmitted from a plurality of antennas 
(for example, antennas A and B) at the same time. Since 
the power of the transmission data is increased by thus 
performing, it is possible to improve the error 
correcting capability . 

Further in this case, instead of assigning the same 
number of antennas to each transmission data, it may be 
possible to change as appropriate the number of antennas 
to assign corresponding to the priority (or importance) 
of the transmission data. In other words, it may be 
possible to increase the number of antennas to assign 
as the priority of the transmission data increases. 



Specifically, for example, when the number of 
antennas is "8" and the number of kinds of transmission 
data is "4", it may be possible to assign five antennas 
to a kind of transmission data with a high priority, while 
assigning an antenna to each of other kinds of 
transmission data* The power of the transmission data 
with the high priority is thereby increased, whereby it 
is possible to further improve the error correcting 
capability on the transmission data with the high 
priority . 

Moreover, in the case where the number of antennas 
is one of the divisors of the number of kinds of 
transmission data, a plurality of kinds of transmission 
data (for example, transmission data A and transmission 
data B) may be multiplexed and transmitted from an 
antenna (for example, antenna A) at the same time* It 
is thereby possible to decrease the number of 
transmission antennas, and therefore to reduce the scale 
of the apparatus. 

Further, switching patterns explained above are 
examples, are not limited to those, and are capable of 
being modified as appropriate. Furthermore, in the 
above explanation, while switching intervals are set to 
constant time T, the switching intervals are not limited 
to that, and need not to be equal intervals. 

Moreover, the present invention is not limited to 
the above-mentioned first to fifth embodiments, and is 
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capable of being carried into practice with various 
modifications thereof. Further, in the present 
invention, the above-mentioned first to fifth 
embodiments are capable of being carried into practice 
5 in a combination thereof as appropriate. 

As explained above, according to the present 
invention, excellent diversity effects can be obtained 
even when the number of antennas is 1 on the receiving 
side in a one-to-N communication system where a 
10 transmitting-side apparatus provided with a plurality 
of antennas transmits respective different information 
to a plurality of { N ) receiving-side apparatuses using 
the antennas. 

This application is based on the Japanese Patent 
15 Applications No. HE 111-263599 filed on September 17 , 19 99 
and No.HEIll-339411 filed on November 30, 1999, entire 
contents of which are expressly incorporated by 
reference herein. 

20 Industrial Applicability 

The present invention is applicable to a 
communication terminal apparatus and base station 
apparatus used in a one-to-N communication system where 
a transmitting-side apparatus provided with a plurality 

25 of antennas transmits respective different information 
to a plurality of (N) receiving-side apparatuses using 
the antennas, such as a radio communication service 



28 

system . 
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CLAIMS 

1. A radio communication apparatus comprising: 
a plurality of antennas each of which transmits a 

plurality of transmission data items different from each 
5 other; 

a switch that performs a switching operation for 
sequentially switching the transmission data items to 
be transmitted from each antenna; and 

a converter that converts frequencies of the 
10 plurality of transmission data items to respective 
frequencies different from each other, thereby 
performing frequency conversion. 

2. The radio communication apparatus according 
to claim 1, further comprising: 

15 a storage section that stores a predetermined 

switching pattern , 

wherein said switch performs the switching operation 

according to the switching pattern. 

3 . The radio communication apparatus according 
20 to claim 2, wherein said storage section stores the 

switching pattern for performing the switching operation 

between antennas having low correlation with each other. 
4. The radio communication apparatus according 

to claim 1, further comprising: 
25 a counter that counts a predetermined time 

repeatedly , 

wherein said switch performs the switching operation at 
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predetermined time intervals counted by said counter. 

5. The radio communication apparatus according 
to claim 4, wherein said counter counts a predetermined 
time such that a switching pattern repeating period is 
equal to a time interleaving length. 

6. The radio communication apparatus according 
to claim 1, wherein said switch performs the switching 
operation on the plurality of transmission data items 
subjected to the frequency conversion in said converter. 

7. The radio communication apparatus according 
to claim 1, wherein said switch performs the switching 
operation on the plurality of transmission data items 
to be subjected to the frequency conversion in said 
converter . 

8. The radio communication apparatus according 
to claim 1, wherein said converter has a plurality of 
synthesizers for each antenna, and switches a conversion 
frequency of a synthesizer while another synthesizer is 
performing the frequency conversion on transmission 
data . 

9. A communication terminal apparatus mounted 
with a radio communication apparatus, said radio 
communication apparatus comprising : 

a plurality of antennas each of which transmits a 
plurality of transmission data items different from each 
other; 

a switch that performs a switching operation for 



sequentially switching the transmission data items to 
be transmitted from each antenna; and 

a converter that converts frequencies of the 
plurality of transmission data items to respective 
frequencies different from each other, thereby 
performing frequency conversion. 

10. A base station apparatus mounted with a radio 
communication apparatus, said radio communication 
apparatus comprising : 

a plurality of antennas each of which transmits a 
plurality of transmission data items different from each 
other; 

a switch that performs a switching operation for 
sequentially switching the transmission data items to 
be transmitted from each antenna; and 

a converter that converts frequencies of the 
plurality of transmission data items to respective 
frequencies different from each other, thereby 
performing frequency conversion. 

11. An antenna control method, comprising: 
converting frequencies of a plurality of 

transmission data items different from each other to 
respective frequencies different from each other, 
thereby performing frequency conversion; and 

assigning the plurality of transmission data items 
subjected to the frequency conversion sequentially to 
each of a plurality of antennas to transmit. 
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12. An antenna control method, comprising: 
assigning a plurality of transmission data items 
different from each other sequentially to each of a 
plurality of antennas; 
5 converting frequencies of the plurality of 

assigned transmission data items to respective 
frequencies different from each other, thereby 
performing frequency conversion; and 

transmitting the plurality of transmission data 
10 items subjected to the frequency conversion from 
respectively assigned antenna. 
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ABSTRACT 

Radio section 103 multiplies modulated 
transmission signals A to D respectively by a carrier 
with a frequency of fA, fB, fC or fD, thereby performs 
5 the frequency conversion, and outputs the resultant 
signals to switch 104. Switch 104 switches between 
frequency conversion sections fA to fD and between 
antennas A to D to connect, and timing control section 
105 outputs a timing control signal to switching control 

10 section 107 at time intervals for which timer 106 is 
preset. Switching control section 107 controls the 
switching of switch 104 according to switching patterns 
which are preset in switching pattern storage section 
108 and which are each indicative of a connection 

15 relationship between antennas A to D and frequency 
conversion sections fA to f D . 
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APPLICATION FOR UNITED STATES PATENT 
* Declaration for Patent Application 

, , r 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 

the invention entitled; RADIO COMMUNICATION APPARATUS AND ANTENNA CONTROL METHOD 

the specification of which 2 (file no ) 

(check at least one) 3 [X ] is attached hereto 

4 [ ] was filed on as (5) U.S. Application Serial No s 

6 [ ] and was amended 

(if applicable) 



Use this 


7[x] 


was filed as PCT international application 




portion 








only if you 
are entering 
the U.S. 


8 


Number PCT/.TP00/09339 










National 


9 


on September 18, 2000 




phase based 






on a PCT 








International 




and was amended under PCT Article(s) 19 and/or 34 




Application 






designating 
the U.S. 


10 


on 


(if applicable). 



I hereby declare that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended, 
bgjny amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me which is material to 
pp$f ntability in accordance with Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application (s) for patent or inventor's 
c 8jificate listed below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
af^lication(s) designating at least one country other than the United States of America filed by me on the same subject matter having a filing date 
eaSier than that of the application(s) on which priority is claimed. 

yi Prior (Foreign) Application(s) any Priority Claims Under 35 U.S.C. 119 Priority Claimed 

plla JAPAN JP11-263599 17/September/1999 [x] [ ] 

jp. (Country) (Number) (Day/Month/Year Filed) Yes No 

R JAPAN JP11-339411 30/November/1999 [x] [ ] 

(Country) (Number) (Day/Month/Year Filed) Y ^ s No 

v? [ ] Additional foreign application numbers are listed on a supplemental priority data sheet attached hereto. 

^ Priority Claim(s) from U.S. Provisional Application(s) - 1 hereby claim the benefit under Title 35, United States Code, §1 19(e) of any 
United States provisional applications) listed below: 



lib . 



Application No. 



Day/Month/Year Filed 



Application No. 



Day/Month/Year Filed 



Do not use this 
portion to identify a 
PCT application if the 
parent application is 
the U.S. National 
phase of the PCT 
application 



I hereby claim the benefit under Title 35, United States Code, 120 of any United States application(s) or 
PCT international application(s) designating the United States of America that is/are listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to disclose 
to the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which became available between filing date of the prior 
application and the national or PCT international filing date of this application. 



13 



(U.S. Application Number) 



(U.S. Filing Date) 



Status (patented, pending, abandoned) 



I hereby appoint the following attorneys of the firm of Stevens, Davis, Miller & Mosher, L.L.P. as my attorneys of record with full 
power of substitution and revocation to prosecute this application and to transact all business in the Patent and Trademark Office: 



^ James E. Ledbetter, Reg. No. 28232^ Thomas P. Pavelko, Reg. No. 31689; and Anthony P. Venturino, Reg. No^31674^. 

J ALL CORRESPONDENCE IN CONNECTION WITH THIS APPLICATION SHOULD BE SENT TO 
STEVENS, DAVIS^MIIJ^ Washington, D.C. 20036 ? ,_- 
TEf^PHONE(202) 408-5100~FACSIMILE (202) 408-5200. — ^ 

See page 2 for signature lines 

1 1998 Stevens, Davis, Miller & Mosher, L.L.P. other side for instructions for completing this form 



STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 

Thereby dtJelare that all statements made herein of my own kno wledge are true and that all statements made on information and belief are believed to be true: and further 
th&f these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
gS Title 18 of the United States Code, and that such willful statements may jeopardize the validity of the application or any patent issuing thereon. 
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15a 
16a 

17a 

18a 
19a 

14b 

15b 
; J16b 

117b 

3 18b 
il9b 

-1 14c 

J 15c 
s£ 16c 

17c 

18c 
19c 

14d 

15d 
16d 

17d 

18d 
19d 




Typewritten Full Name 
of Sole or First Inventor 



Inventor's Signature 
Date of Signature 

Residence 



Citizenship 

Post Office Address 
(Insert complete mailing 
address, including country) 

Typewritten Full Name 
of Sole or First Inventor 



PAGE 2 OF U.S A. DECLARATION FORM 
Junichi 



Given Name 



Middle Name 



Mont] 



, 3$ 



AIZAWA 

FalrTlty^dme- 



City 
JAPAN 



J x J 



loo 

YeaT 



Kanagawa 



JAPAN 



State or Province 



Country 



9-20, Sakaigihoncho, Hodogaya-ku, 



Yokohama-shi, Kanagawa 240-0033 JAPAN 



Osama- 



KATO 



Inventor's Signature 
Date of Signature 



Given Name 



Middle Name 



Residence 



Month 
Yokosuka-shi 



^0 



- n \ 



Day 

Kanagawa 



Year 



JAPAN 



State or Province 



Country 



Citizenship 

Post Office Address 
(Insert complete mailing 
address, including country) 

Typewritten Full Name 
of Sole or First Inventor 



JAPAN 



5-45-G302, Shonantakatori, 



Yokosuka-shi. Kanagawa 237-0066 JAPAN 



Mitew.ni. 



fESTIGT 



Inventor's Signature 
Date of Signature 

Residence 

Citizenship 



Given Name Middle Name 



_JQES 
Family Name " 



^ Month Day 

InjjgsuKa-slii \ w ^ Kanagawa 

Citv ^J) 1 State or Prov 



Year 



JAPAN 



City 
JAPAN 



State or Province 



Country 



17-1-402, Anjindai, 



Post Office Address 
(Insert complete mailing ~~ 

address, including country) Yokosuka-shi, Kanagawa 238-0048 JAPAN 



Typewritten Full Name 
of Sole or First Inventor 



Inventor's Signature 
Date of Signature 

Residence 



Citizenship 

Post Office Address 
(Insert complete mailing 
address, including country) 



Takeshi 



^KTYAMA 




Given Name Middle Name 



Month 

City 
JAPAN 



Family Name 




Day 



Year 



Kanagawa 



JAPAN 



State or Province 



Country 



3-18-57, Namiki, 



Sagamihara-shi, Kanagawa 229-0028 JAPAN 



*Note to Inventor: Please sign name on line 15 exactly as it appears in line 14 and insert the actual date of signing on line 16. 

copy of this page for identification and signatures for the additional inventors. 
1998 STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 



If there are more than four inventors, please add a 



